China has experienced dramatic trade liberalization since the late 1990s. In this paper, I investigate the impact of trade liberalization on …rm productivity by using both Chinese manufacturing …rm-level data and highly disaggregated Chinese import data from 1998-2002. For this purpose, a …rm's total factor productivity (TFP) was calculated by adopting an augmented Olley-Pakes (1996) semi-parametric methodology to correct the simultaneity bias from reverse causality and selection bias from …rms'exits. Even when controlling for the endogeneity, trade liberalization increases …rm productivity. Moreover, the e¤ects of trade liberalization on exporting …rms are found to be smaller than that on non-exporting …rms. The …nding is robust to di¤erent measures of TFP.
Introduction
This paper investigates the e¤ect of trade liberalization on Chinese …rms' productivity.
In the past three decades, China has experienced dramatic trade liberalization as well as productivity gains. Average unweighted tari¤s decreased from around 55% in the early 1980s to about 13% in 2002. Simultaneously, China's average annual increase in total factor productivity (TFP) in the …rst two decades since economic reform in 1978 was around 4%, though this pace seems to have slowed down after that (Zheng et al., 2008) . It is interesting to see whether or not China's trade liberalization has boosted its productivity. Although economists have paid some attention to this issue, the research is far from conclusive and deserves further exploration.
First, much of the existing work on measuring TFP is imprecise and biased. TFP is usually measured as the Solow residual, de…ned as the di¤erence between the observed output and its …tted value calculated via OLS. However, this method su¤ers from many problems, including simultanity bias and selection bias. The …rst bias comes from the fact that a pro…t-maximizing …rm would respond to productivity shocks by adjusting its output, which, in turn, requires re-allocating its inputs. Since such a productivity shock is observed by …rms and not by econometricians, this creates an endogeneity issue.
Moreover, all …rms covered in the samples are those that have relatively high productivity and survived during the period of investigation. Those …rms that have low productivity, shut down, and left the market were not observed nor included in the samples. From another perspective, ignoring the …rms'entry and exit from the market causes the samples 1 not to be randomly selected. Hence, related estimates su¤er from selection bias.
Second, the measures on trade liberalization in most existing works have been incomplete. Much of the literature has used output tari¤s as an indicator of trade liberalization.
Recently, Amiti and Konings (2007) took a step forward to take input tari¤s into account.
However, a tari¤ is just one of the many instruments in trade policies, which has already been reduced to a very low level after the Uruguay Round of the WTO in 1994. Other trade policy instruments, such as various non-tari¤-barriers (NTBs), also play important roles in protecting domestic import-competing industries. Restricting the scope to tari¤s only is insu¢ cient in understanding the impact of trade liberalization on productivity.
Last but not least, the existing literature has faced an empirical challenge in using China's data. Holz (2004) emphasized the bias of using China's aggregated data since there is a mismatch between disaggregated and aggregated statistical data. This is consistent with Krugman's (1994) complain that it is a challenging job to explain China's economic growth due to its low quality data. He argued that the economic growth in emerging markets indeed came from its unusual high savings rate. Later, Young (2003) argued that China's TFP growth rate was quite modest and perhaps negative in the post-Mao era . However, his work is based on aggregated industrial data, which would create some bias as well.
In this paper, to mitigate such estimation bias, the e¤ect of China's trade liberalization on its productivity was estimated by precisely measuring TFP, by choosing an appropriate indicator of trade liberalization, and by using the most disaggregated …rm-level data.
First, to address the two empirical challenges (i.e., simultanity bias and selection bias) caused by OLS, I adopt the Olley-Pakes (1996) approach. This approach was also revised by imbedding a survival probability model to control for the selection bias problem.
Second, as stated above, trade liberalization also includes various cuts in NTBs. However, the NTBs data are very di¢ cult to access, especially for developing countries like China.
The import penetration ratio, which is de…ned as industrial imports over its outputs, is the economic consequence of both tari¤s and NTBs. Compared to tari¤s, the import penetration ratio is a better instrument for measuring trade liberalization. In this paper the import penetration ratio is used to measure trade liberalization. Finally, the samples in this paper are a rich …rm-level panel, covering more than 150,000 manufacturing …rms per year from 1998-2005. For each …rm, the coverage is more than 100 …nancial variables listed in the main accounting sheets of all SOEs, and those non-SOEs …rms, whose sales are more than …ve million yuan per year.
The estimation results suggest that trade liberalization boosts …rm productivity. After controlling for potential endogeneity, the e¤ect of trade liberalization on …rm productivity to exporting …rms is smaller than non-exporting …rms. These results are robust regardless of di¤erent econometric speci…cations. This paper joins the growing amount of literature on the nexus between trade liberalization and productivity. To measure productivity, papers such as Tre ‡er (2004) emphasized labor productivity, although most studies have concentrated on TFP. In the early stage, researchers usually rely on industrial level data to measure TFP. These include, among others, Tybout, de Melo, and Corbo (1991), Levinsohn (1993) , Harrison (1994) , and Head and Ries (1999) . Most recent studies, such as Pavcnik (2002) and Amiti and Konings (2007) , consider …rm productivity by using plants'data. However, most of these abovementioned works only use tari¤s to measure trade liberalization. Only a few exceptions, like Harrison (1994) , include the import penetration ratio as a robustness check.
The rest of the paper is organized as follows: Section 2 reviews China's trade liberaliza-3 tion in the last decade. Section 3 introduces the methodology of estimations accordingly. Section 4 describes data used in this paper. The main estimation results and sensitivity analysis are also discussed in Section 4. Finally, the conclusion is presented in Section 5.
China' s Trade Liberalization
In the past three decades, China has experienced dramatical trade liberalization. As a result, China changed from an almost fully isolated economy to become the third largest open economy today. China's openness ratio (i.e., the sum of exports and imports relative to GDP) increased from around 10% in the early 1970s to 64% in 2007. The "open-door" policy has become one of the two most fundamental doctrines of the Chinese government after 1978. 1 During the last three decades, China has proceeded with its trade liberalization by setting up export-processing zones to absorb foreign direct investments (FDI), by acceding to the WTO, and by signi…cantly cutting tari¤s.
Before 1978, China's foreign trade was completely monopolized by 12 national foreign trade companies (FTCs). They imported products at world prices, and sold them domestically at projected prices. The government then cross-subsidized between such FTCs. As a result, China was insulated from the world economy (Naughton, 2006) . Like many other East Asian countries, the Chinese government set up export-processing zones (EPZs) in 1978 to launch trade liberalization. The …rst wave of the EPZs formation saw the setting up of four special economic zones (SEZs) in the early 1980s, which allowed export-processing duty-free imports. The second wave mainly opened up two eastern coastal provinces (i.e., Guangdong and Fujian) by allowing foreign …rms to sign "export-processing" contracts with domestic …rms. In the early 1990s, China experienced its third wave of dramatic proliferation of SEZ by generalizing the open-door policy to many other eastern coastal 1 The other fundamental doctrine is the "deepen economic reform" policy. Before the economic reform, tari¤s did not play an important role since FTCs had already served as an "air-lock" to insulate China from the world. In the 1980s, China began to set up a whole system of tari¤ rates. In 1992, China's unweighted average tari¤s were 42.9%, which was similar to the level of other developing countries. Shortly after the Uruguay Round of the WTO, China experienced huge tari¤ reductions due, in large part, to the WTO accession application. China cut its tari¤s from 35% in 1994 to around 17% in 1997. After that, from 1998-2002, China's unweighted (weighted) average tari¤s did not decrease much. The largest adjustment was in 2001, in which the average tari¤ rates decreased from 16.4% to 15.3%.
[Insert Figure 1 Here] Besides tari¤s, China also used various NTBs to protect its import-competing industries. According to UNCTAD's classi…cation, the NTBs include many types of measures, such as price control measures, quantity control measures, customs charges and taxes, …-nancial measures, technical measures, monopolistic measures, and miscellaneous measures.
According to Fujii and Ando's (2000) calculation, China maintained a large number of NTBs in various products. For example, the core non-tari¤ measures (NTMs) was 51.9% for wood products, whereas 55.1% for chemicals in 1996.
Moreover, to fully join into the world trading system, China applied to re-join the GATT in 1986. It took China 15 years to accede to the WTO in 2001, as its 143rd
member. Although such a long march was not expected, China's trade policies were changed many times to …t this largest trading organization. China's inward foreign direct investment (FDI) increases dramatically after Deng Xiaoping's southern China tour in 1992. In 2007, China's FDI reached $74.7 billion, which was 17 times higher than that in 1991. According to The Economist 2 , it is predicted that China's inward FDI will become the third largest, followed by the U.S. and the U.K., in 2011. 3 Following trade liberalization, China also maintains a huge volume of processing exports (i.e., China imports the parts or raw materials from abroad and exports the …nished products to other countries). According to China's Statistical Yearbook, the value of China's processing export is much higher than that of its ordinary export since the 1990s.
Although the level of processing trade has been decreasing over the years, in 2006, China's processing export still accounted for around 52% out of its total export.
[Insert Figure 2 Here]
The Econometric Methodology
In this section, the measurement of TFP is …rst introduced, followed by the empirical investigation of the e¤ect of trade liberalization on productivity.
Measuring Total Factor Productivity
The literature on TFP usually suggests a Cobb-Douglas production function to introduce technology improvement. 4 Following Amiti and Konings (2007), we consider a form as follows:
2 source: The Economist ( Sep. 5, 2007), via http://www.economist.com. 3 However, since China also has a remarkable growth rate of its economy scale, the ratio of FDI over GDP is only 2.1%, which is lower than many OECD countries (WDI, 2007). 4 An alternative speci…cation is to use a trans-log production function, which also leads to very similar estimation results.
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where Y it ; M it ; K it ; L it is …rm i's output, materials, capital, and labor at year t, respectively. Firm i's productivity, it ; is a¤ected by trade policy, jt , in its industry level j in year t. To measure …rm's TFP, one needs to estimate (1) by taking a log function …rst:
Traditionally, the TFP is measured by the estimated Solow residual between the true data on output and its …tted value, lnŶ it . That is:
However, this approach su¤ers from two problems: simultanity bias and selection bias. As …rst suggested by Marschak and Andrews (1944) , at least some parts of TFP changes could be observed by the …rm early enough so that the …rm could change its input decision to maximize pro…t. From another perspective, the …rm's TFP could have reverse endogeneity in its input factors. The lack of such a consideration would make the …rm's maximized choice biased. In addition, the …rms'dynamic behavior also introduces selection bias. In a panel data set, the …rms observed are those that have already survived.
On the other hand, …rms with low productivity that collapsed and exited from the market are not included in the data set. This means that the samples covered in the regression actually are not randomly selected which in turn cause estimation bias.
Econometricians tried hard to address these empirical challenges, but were not successful until the pioneering work by Olley and Pakes (1996) . In the beginning, researchers used two-way (i.e., …rm-speci…c and year-speci…c) …xed e¤ects to mitigate simultanity bias.
Although the …xed-e¤ect approach controls for some unobserved productivity shocks, it does no o¤er much help in dealing with reverse endogeneity. So this approach still seems unsatisfactory. Similarly, to mitigate selection bias, one may estimate a balanced panel by dropping those observations that disappeared during the period of investigation. The problem is that a substantial part of information contained in the data set is wasted, and the …rm's dynamic behavior is completely unknown.
Fortunately, the Olley-Pakes (1996) methodology makes a signi…cant contribution in addressing these two empirical challenges. By assuming that the expectation of future realization of the unobserved productivity shock, it , relies on its contemporaneous value, the …rm i's investment is modeled as an increasing function of both unobserved productivity and log capital, k it ln K it . Following previous works, such as van Biesebroeck (2005) and Amiti and Konings (2007) , the Olley-Pakes approach is revised by adding the …rm's export decision as an extra argument of the investment function since most of the …rms' export decisions are determined in the previous period (Tybout, 2003) :
where EF it is a dummy to measure whether …rm i exports in year t. Therefore, the inverse function of (4) is it =Ĩ 1 (ln K it ; I it ; EF it ). 5 The unobserved productivity also depends on log capital and the …rm's export decision. Accordingly, the estimation speci…cation (2) can now be written as:
where 5 Olley and Pakes (1996) show that the investment demand function is monotonically increasing in the productivity shock it, by making some mild assumptions about the …rm's production technology. 6 Using a higher order polynomials to approximate g( ) does not change the estimation results.
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and zero for before) to characterize the function g( ) as follows:
After getting the estimated coe¢ cients^ m and^ l , I calculate the residual R it which is
The next step is to obtain an unbiased estimated coe¢ cient of k . To correct the selection bias as mentioned above, Amiti-Konings (2007) suggested estimating a probability of a survival indicator on a high order polynomial in log-capital and log-investment.
Precisely, one can estimate the following speci…cation:
wherepr i denotes the …tted value for the probability of the …rm 's exit in the next year.
Since the speci…c "true" functional form of the inverse functionĨ 1 ( ) is unknown, it is appropriate to use fourth-order polynomials in g i;t 1 and ln K i;t 1 to approximate that.
In addition, (7) also requires the estimated coe¢ cients of the log-capital in the …rst and second term to be identical. Therefore, non-linear least squares seem to be the most desirable econometric technique (Pavcnik, 2002 , Arnold, 2005 . Finally, the Olley-Pakes (OP) type of TFP for each industry j is obtained once the estimated coe¢ cient^ k is obtained:
Econometric Model
In this section, I estimate the equation as follows:
where ln T F P OP ijt is the logarithm of …rm i's Olley-Pakes type TFP in industry j in year t whereas ln imp jt denotes the logarithm of import penetration ratio for industry j in year t. EF it is a dummy for exporting …rm i in year t whereas exit it denotes a dummy for …rm i's exit in year t: 7 X it denotes other control variables for …rm i in year t such as Foreign-Direct-Investment (FDI) dummy, Stated-Own-Enterprises (SOE) dummy, and if so, whether it is controlled by the central government. The error term is decomposed into three components: (1) …rm-speci…c …xed e¤ects $ i to control for time-invariant factors;
(2) year-speci…c …xed e¤ects t to control for …rm-invariant factors like Chinese yuan real appreciation; and (3) an idiosyncratic e¤ect ijt with normal distribution ijt s N (0; 2 ij )
to control for other unspeci…ed factors. 8 From (9), the import penetration ratio in industry j has two following e¤ects on productivity of …rm i within industry j:
where parameter 1 measures the impact of trade liberalization, which is measured by industry j's import penetration, on non-exporting …rm i in that industry. In contrast, the e¤ect of trade on an exporting …rm's productivity is 1 + 3 . Previous works, such as Levinsohn (1993) and Harrison (1994) , emphasized that the high import penetration ratio, an indicator of trade liberalization, made domestic …rms face more intense competition from foreign …rms. Therefore, it is reasonable to hypothesize that both 1 and 1 + 3 are positive since tougher import competition would force both non-exporting and exporting …rms to exert every e¤ort to improve their e¢ ciency and survival. 7 The reason that I do not include a dummy for importing …rm here is that my data set does not include information on importing …rms. 8 In this paper I only include …rm-level …xed e¤ects and year-speci…c …xed e¤ects. The province-level …xed-e¤ect is not included here since data on industry-level import penetrations and …rm-level TFP do not uniquely match.
Moreover, the productivity of exporting …rms is expected to increase less than those of non-exporting …rms. Put another way, the coe¢ cient 3 is expected to be negative. This is possibly because more than half of exporting …rms in China also import raw materials and parts from overseas, as has discussed in the previous section. 9 With trade liberalization, processing exporting …rms are now able to acquire raw materials and parts from foreign producers at relatively lower costs. They would still enjoy a large price-cost markup by their access to low-priced imports. Therefore, the processing exporting …rms have less incentive to adopt up-to-date technology to improve their e¢ ciency, given the fact that they do not face strong competition.
Data
The sample used in this paper comes from two large data sets. The …rst is a rich …rm-level panel that covers more than 150,000 manufacturing …rms per year for the years 1998-2005. 10 Such data were collected from China's National Bureau of Statistics as an annual survey for manufacturing enterprises. It covers more than 100 …nancial variables listed in the main accounting sheets of all SOEs, and those non-SOEs …rms, whose sales are more than …ve million yuan per year. 11 Table 1 provides some basic statistical information about the Chinese plant data.
Although this data set contains rich information, a few samples in the data set are noisy and misleading due, in large part, to the mis-reporting by some …rms (See Holz, 2004, for a discussion about possible problems of using China's data). For example, data information for some family-based …rms, which usually did not set up a formal accounting system, is based on a unit of 1,000, whereas the o¢ cial requirement is a unit of 10,000. Following
Je¤erson, Rawski, and Zhang (2008), the observations were dropped if (1) the number of employees hired for a …rm is less than eight people; 12 (2) the ratio of value-added relative to the sales is less than zero or higher than one. After this …lter, 28,875 observations were dropped from the original data set. As seen in Table 1 , FDI-type …rms 13 account for more than two-thirds out of all plants in each year. In contrast, SOE-type …rms account for around one-third.
[Insert Table 1 Here]
The previous TFP literature suggests that output should also be measured in physical To get a precise measure of TFP, one should work on physical data, or at least, deal with de ‡ated terms of output. However, like the problems that many previous studies have encountered, the data on physical output is infeasible. I therefore de ‡ate each …rm's output following Amiti and Konings (2007) . The statistical information is reported in Table 2 .
[Insert Table 2 Here]
Column (2) of Table 3 reports the estimated …rm's survival probability in the next year by industry. 14 They are varied from 0:97 to 0:99 with the mean of :978, which suggests that the …rm exits are not so severe during this period. The rest of Table 3 presents the di¤erence of the estimated coe¢ cients for labor, materials, and capital by using both the OP methodology and the usual OLS approach. A total of 39 manufacturing industries were covered, and coded from 6 to 46 according to China's industrial classi…cations (GB/T4754-2002). Compared to OLS estimates, as seen from the bottom line of Table 3 , the inputs' coe¢ cients for all manufacturing industries estimated by the OP approach seem much lower. This suggests that, without controlling for simultanity bias and selection bias, the estimated industrial TFP using the OLS approach has a downward bias, which could partially explain why some previous researchers did not …nd large productivity growth in
China (e.g., see Young (2003) ).
[Insert Table 3 Here]
As introduced above, the import penetration ratio is an appropriate index to measure trade liberalization since it captures the e¤ects from both tari¤s and non-tari¤ barriers (NTB). 15 My import data are at the Harmonized System (HS) 10-digit level, which are from the General Administration of China's Customs. Although highly aggregated HS 2-digit import data are publicly available in various publications, such as China Statistical
Yearbook, their disaggregated data are not. In this paper, I access HS 10-digit import data up to 2002. 16 To calculate industry j's import penetration ratio, the HS 10-digit 1 4 Noted that here "…rm's exit" means a …rm either died and exited from the market or simply had an annual sale which is lower than the "large scale" (i.e., 5 million sales per year) and dropped from the data set. Due to the restriction of the data set, I am not able to distinguish the di¤erence between the two. 1 5 Ideally, it would be a plus to use both tari¤s and NTBs as alternative measures of trade liberalization.
Unfortunately, I am currently not able to access to the data sets, though China's disaggregated tari¤ data in 2001 is accessble. 1 6 An alternative source for such disaggregated data is the Center for International Data (CID) maintained 13 imports (IM ) up to HS 4-digit industrial level,
, were …rst aggregated. The …rm 's output, y i , was simultaneously aggregated up to China's 2-digit sector classi…cations, P i y j i . Finally, I obtained the industry j's import penetration ratio imp j as
according to the concordance between HS 4-digit level and China's sector classi…cations two-digit level. For the readers'convenience, I report the industrial concordance in Table   4 , in which only HS 2-digit level of the customs code are reported to save space.
[Insert Table 4 Here] are unavailable, such an industry is dropped from the samples since there is no way to investigate the e¤ect of its trade liberalization on its productivity. As a result, eight industries are dropped, and only 32 industries were covered in the data set. 17 Although most industries have both positive TFP and log of import penetration ratios, a few exceptions occur: industries like coal, foods, leather, petroleum, and smelting and pressing of furious metals have negative log of import penetration ratios, which suggest that imports from these industries are less than sales. On the other hand, the manufacture of smelting and pressing of furious metals also su¤ers from a negative TFP. Yet, overall, Figure 3 suggests that an industrial import penetration ratio is positively associated with its TFP.
[Insert Figure 3 Here]
by Robert Feenstra at the University of California-Davis. 1 7 The eight industries dropped include extraction of petroleum and natural gas, mining and processing of ferrous metal ores, mining of other ores, recycling and disposal of waste, electrical power and heat power, production and supply of electric power and heat power, production and supply of gas, and production and supply of water. 14 5 Empirical Results Table 5 reports the estimation results for equation (9) . To consider the e¤ect of the import penetration ratios on TFP, I …rst run a regression on TFP of import penetration ratio, a dummy for export …rms, and their interaction term as a benchmark. The estimated coe¢ cient of 1 in equation (9) is 0:019, which is signi…cant at the conventional statistical level. This suggests that strong trade liberalization tends to result in high productivity gains. As discussed above, some …rms could collapse and drop out next period due to bad operations or other reasons. Ignoring such behavior would cause a selection bias problem.
Main Estimation Results
Therefore, the …rms' dynamic behaviors were taken into account for the estimations in
Columns (2)- (5) by adding a variable to measure a …rm's exit from the market next period. As shown in Table 5 , …rms that dropped out from the market have low productivity compared to those that did not.
After controlling for …rm exits, Column (2) shows that trade liberalization's elasticity of …rm TFP (^ 1 ) is still positive. However, one needs to pay caution to the magnitude since the coe¢ cient of^ 1 in Column (2) while controlling for …rm exits is smaller that without in Column (1): 0:005 < 0:019. I suspect that this is due to the possible endogeneity of trade liberalization. In addition, the e¤ect of trade liberalization on a …rm's productivity in exporting …rms is smaller than in non-exporting …rms, since the interaction term, ln imp jt EF it ; is signi…cantly negative. Given that the mean of the variable of exporting …rms is 0:49, the net elasticity of …rm's TFP with respect to trade liberalization for exporting …rm is still positive (0:005 0:007 0:49 = 0:002).
The economic meanings for these …ndings are threefold: First, trade liberalization introduces better technology and hence productivity gains for both exporting and non-exporting …rms. This is because tougher competition from abroad induces more incentives for domestic …rms to upgrade their technology adoption. Second, compared to nonexporting …rms, exporting …rms seem to enjoy few bene…ts from trade liberalization than do non-exporting …rms. One possible reason is that most of the exporting …rms also import products from abroad. Instead of introducing tougher competition, trade liberalization allows exporting …rms to access raw materials at lower costs. Such exporting …rms can still enjoy some pro…t margin without increasing their productivity. Put another way, trade liberalization, to some extent, hampers their incentive to adopt up-to-date technology.
In the absence of trade liberalization, other channels, such as preferential taxation reduction, might a¤ect an exporting …rm's productivity. The parameter 2 in (9) investigates the e¤ects on the exporting …rm's productivity from such channels. 18 It turns out that^ 2 is signi…cantly positive, which suggests that exporting …rms are associated with higher productivity even in the absence of strong import penetration.
Previous work also suggests that State-Owned Enterprises (SOEs) have relative low productivity compared to non-SOEs due to their low e¢ ciency and impotent incentive systems (Wu, 2005) . Therefore, a dummy of SOEs as a controllable variable in Column objective of local government o¢ cials is to maximize gross local output (Wu, 2005) . To do so, they are more likely to give incentives to SOEs, which, in turn, would lead to greater productivity and pro…ts. As predicted, the interaction term between SOEs and the central-controlled dummy of Column (5) is shown to be signi…cantly negative.
Finally, foreign-owned enterprises are expected to have high productivity due to their quick learning, better technology adoption, or higher quality inputs (Amiti and Konings, 2007 ). The FDI is included in Column (5), and it is positive as expected, though insignificant.
[Insert Table 5 ]
Choices of Depreciation Rates
An essential component in the calculation of the Olley-Pakes' TFP variable is to obtain data on investment, which is usually calculated by adopting the perpetual inventory method as follows:
where I it ; K it denotes investment and …xed capital in year t for …rm i, respectively. 19 denotes a common depreciation rate across …rms and years given that China did not change its depreciation rate over 1998-2002. 20 The only problem left to calculate investment is the appropriate value for the depreciation rate. As recommended by Perkins (1988) and Wang and Yao (2003) , a 5% 1 9 Another way to form investment data is to use information on net physical capital by adopting the formula Iit = Kit N Kit 1 where N Kit 1 is …rm i's net …xed assets in year t 1: Since only data on net physical capital for years 2000-2002 were accessed, the main estimations on raw physical capital data use such expression (11). 2 0 Another assumption of Olley-Pakes approach is that a productivity shock should be increasing monotonically with investment conditional pre-determined capital. The investment proxy is only valid for .…rms reporting nonzero investment. To avoid this possible challenge, the Levinsohn-Petrin (2003) approach is a useful alternative to calculate TFP. However, the Levinsohn-Petrin type TFP is found to similar to the OP type TFP in my data set, which are not report here to save space, though available upon request.
depreciation rate is a good choice, since this number is adopted to calculate SOEs'depreciation in China's Statistical Yearbook. However, some other researchers have di¤erent views on this number. Liang (2006) suspected that the number should be 4% instead.
Amiti and Konings (2007) adopted 15% for Indonesia, another large developing country.
China, indeed, may adopt a number up to 16% as its depreciation rate in some years in the 1990s (Wang and Yao, 2003) . Therefore, the depreciation rate is allowed to show its ‡exibility to form the …rm's investment level. Following Amiti and Konings (2007), 15% is adopted as a default number, but performed the robustness check by using 10%, 5%, and 4% as alternative depreciation rates. As seen in Table 6 , the estimation results are robust to using di¤erent depreciation rates.
[Insert Table 6 Here]
Speci…cations of Periodic Di¤erences
To reduce estimation bias caused by unobserved …rm heterogeneity, estimations in Tables   5-6 control for the …rm-speci…c and year-speci…c …xed e¤ects by adopting the …rm annual level data. However, some unobserved factors would change according to …rms and the relevant year. One possible example is that taxation reduction policies in special economic zones (SEZs) vary by year, a¤ecting the productivity of …rms based in these zones. The regular two-way …xed e¤ects seem not be able to fully control for this omitted-variable problem.
To address this empirical challenge, alternative econometric speci…cations with data on periodic di¤erences were considered, and are reported in Table 7 . Since the samples cover 1999-2002, several speci…cations from one to three periodic di¤erence(s) were considered. 21 2 1 Although the data covers the years 1998-2002, to calculate the investment, one needs to use one-year lag data. Accordingly, only the data for the years 1999-2002 are covered in the estimations.
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The periodic di¤erences of import penetration ratio and the exporting …rm's dummy have expected positive signs, which are consistent with the …ndings in Tables 5 and 6 .
The only surprising …nding is that the coe¢ cients of the interaction term of the import penetration ratio and the dummy for exporting …rms are signi…cantly positive in one (two) periodic di¤erence(s) estimates. The positive term of^ 3 suggests that the e¤ect of trade liberalization on a …rm's productivity for exporting …rms are higher than those for non-exporting …rms, which seems inconsistent with the estimates of the three periodic di¤erences, as well as the previous …ndings in Table 5 . Since most measurement errors and possible serial correlations are controlled by the …xed-e¤ect econometric method, there is suspicion that such inconsistency mainly comes from reverse causality, which will be addressed shortly.
Finally, for each case, the interaction term of the province and year …xed-e¤ects are included to control for those unobserved factors that vary by …rm and year. The estimation results are not sensitive no matter whether such …xed e¤ects are considered. One exception is the one-period di¤erence: the sign of change in the import penetration ratio in Column (2) is negative, but insigni…cant.
[Insert Table 7 Here]
Endogeneity
Trade liberalization is not exogenously given, but a¤ected by …rm productivity. With better performance, some …rms have stronger incentive to expand their economic scale, which, in turn, requires more inputs from the international market. The strong demand from …rms leads to a greater import penetration ratio for each industry. One needs to control for the endogeneity of trade liberalization in order to obtain accurate estimated e¤ects of trade liberalization on TFP. Otherwise, the related estimates would be suspect.
The instrumental variable (IV) estimation is a powerful econometric method that can address this problem. 22 In the paper, provincial government savings is chosen as the instrument for import penetration. The economic rationale is as follows. As many economists like Krugman is weakly identi…ed at a highly signi…cant level. Third, the Anderson and Rubin (1949) 2 statistics reject the null hypothesis that the coe¢ cient of the endogenous regressor is equal to zero. In short, such statistical tests give su¢ cient evidence that the instrument is well performed, and therefore, the speci…cation is well indicated. 2 2 The IV approach is a good way to control for endogeneity issues. Wooldridge (2002, Chapter 5) provided a careful scrutiny of this topic.
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[Insert Table 8 Here]
Estimates in Table 8 show that, after controlling for endogeneity, trade liberalization still has a positive e¤ect on a …rm's productivity. In all estimations, the coe¢ cientŝ
are quite stable and much higher than its counterparts^ 1 without controlling for the endogeneity shown in Table 5 . The interaction term of the import penetration ratio and the exporting …rm dummy,^ In addition, such a net e¤ect is higher than that, without controlling endogeneity, 0:001, as obtained in Table 5 . This implies that the implicit negative reverse causality undercuts the e¤ect of trade liberalization on …rm productivity. After controlling for endogeneity, industrial trade liberalization appears to have a sizable e¤ect on …rm productivity. In particular, a 10% increase in log industrial import penetration leads to a 0.6% increase in a …rm's log of productivity.
Alternative Measure of Firm Productivity
As discussed above, the augmented Olley-Pakes approach to calculate the TFP is able to deal with both the simultaneity bias and selection bias. The approach is based on an assumption that capital is more aggressively responsive to the unobserved productivity shock compared with labor. Put another way, labor input here is assumed to be exogenous to the productivity shock. However, China is a labor-abundant country and hence labor costs are relative low. When facing a productivity shock, China's …rms are more likely to adjust their labor input to re-optimize their production behavior. This is consistent with the idea suggested by papers such as Blomström and Kokko (1996) that labor would embody more productivity improvements than capital.
The Blundell-Bond (1998) system GMM approach is a good alternative to handle with this potential empirical challenge. By assuming that the unobserved productivity shock depends on its previous-period realizations, the system-GMM approach models TFP to be a¤ected by all types of …rm's inputs in both current and past realizations. 23 In particular, this model has a dynamic representation as follows:
where & i is …rm i's …xed e¤ect and t is year-speci…c …xed e¤ect. The idiosyncratic term ! it is serially uncorrelated if there is no measurement error. 24 One can obtain consistent estimates of the coe¢ cients in (12) by using a system-GMM approach (Blundell and Bond, 1998 ). The idea is that labor and material inputs are not taken as exogenously given.
Instead they are allowed to be changed over time as is the evolution of capital. Although the system GMM approach still faces a technical challenge to control for the selection bias of …rm exits, it is still worthwhile to use the system-GMM approach to estimate …rm TFP as a robustness check. Table 9 reports the estimated e¤ects of trade liberalization on system-GMM type …rm's TFP. The key coe¢ cients^ 1 ;^ 2 ; and^ 3 are highly close to those estimated by the augmented Olley-Pakes approach as shown in Table 5 . Both exporting and nonexporting …rms bene…t from trade liberalization, although exporting bene…t less. The 2 3 Note that …rst-di¤erence GMM introduced by Arellano and Bond (1991) also allows a …rm's output to depend on its past realization. However, such an approach would lose the instruments for the factor inputs because lag of output and factor inputs are correlated with past error shocks and the autoregressive error term. In contrast, by assuming that the …rst di¤erence of instrumented variables is uncorrelated with the …xed e¤ects, the system-GMM can introduce more instruments and hence dramatically improve e¢ ciency. I thank Linda Yueh for her correctly pointing out this view. 2 4 As discussed by Blundell and Bond (1998), even if there are transient measurement error in some of the series (i.e., $it~M A(1)), the system GMM approach can still reach consistent estimates of the coe¢ cients in (12) .
negative signi…cant coe¢ cient of^ 4 also suggests that …rms that exit from the market are those with low productivity. SOEs …rms, as usual, have lower productivity than those non-SOEs. The only striking …nding of Table 9 is that those SOEs controlled by the central government seem to have higher productivity than those controlled by the local governments. This unexpected result may come from the fact that the system-GMM type TFP did not control for …rm's exit behavior. Generally speaking, the estimation results are robust to di¤erent ways of calculating a …rm's productivity.
[Insert Table 9 Here]
Concluding Remarks
In this paper I estimate the e¤ect of trade liberalization on …rm productivity by using
Chinese plant level data. After controlling for …rms' exits and the endogeneity of trade liberalization, the e¤ect of trade liberalization on …rm productivity is signi…cantly positive.
More interestingly, the e¤ect on exporting …rms is smaller than on non-exporting …rms.
Such a …nding is consistent with the stylized fact that the processing exports is still dominant in China's trade pattern today.
The present paper enriches our understanding of China's TFP. Possibly due to poor data quality and methodology restriction, previous works found mixed …ndings on China's productivity improvement. By using more reliable and disaggregated …rm-level data on
Chinese plants, I found that China's TFP had increased during the last decade. The augmented Olley-Pakes'empirical methodology was applied to deal with the usual problems of estimating TFP: simultanity bias and selection bias.
It is worthwhile to point out that although exporting …rms bene…t less from trade liberalization in terms of productivity improvement compared to non-exporting …rms, 23 exporting …rms show a positive increase in productivity. In this sense, the …nding of this paper is in line with previous studies, like those of Bernard and Jensen (1999) , who
showed that good …rms export in the U.S. because they have high productivity. However, this result is not necessarily applicable for China since China's economic reform, to some extent, is unique. In any case, whether or not good …rms lead to exports in China is a possible future research topic. Notes: Depreciation rate n% means taking a n% depreciation rate to measure investment by using perpetual inventory method (n takes 15, 10, 4, and 5, respectively). Robust t-values corrected for clustering at the …rm level in parentheses. *(**) means signi…cant at the 10(5) percent level. Notes: Imp it denotes n-period di¤erence for import penetration (n=1,2,3). Similarly, FX it ; ( (ln imp ijt EF it ); SOE it , (SOE Central-Control) it , FDI it ) denotes n-period di¤erence for dummy of exporting …rm (interaction term of import penetration and exporting …rm's dummy, dummy of stated-own enterprises, whether the SOE is directly controlled by the central government, and foreign direct investment, respectively). Robust t-values corrected for clustering at the …rm level in parentheses. *(**) means signi…cant at the 10(5) percent level. Notes: The logarithm of import penetration ratio (lnimp jt ) is taken as an endogenous variable whose instrument is government saving at province j in year t: There are 137,312 in each estimation. Robust t-values corrected for clustering at the …rm level in parentheses. *(**) means signi…cance at the 10(5) percent level. z means signi…cance at 1 percent level. The Hansen over-identi…cation test is included but not reported here since the estimation is exactly-identi…ed. Notes: Dependant variable ln T F P BB ijt is a logarithm of TFP which is calculated by using the Blundell-Bond approach (1998). Robust t-values corrected for clustering at the …rm level in parentheses. *(**) means signi…cant at the 10(5) percent level.
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